Abstract
test this hypothesis, the antenna was suspended by strings as a 3 m pendulum. Current pulses were fed to the antenna along the suspension path by a very flexible coaxial line constructed from loudspeaker cable and copper braid sheath. When driving the antenna via this cabling, our pulser was capable of sustaining 1200 A pulses at a rate of 30 per second up to a minute. In this way, bursts of pulses could be delivered in synch with the pendulum period in order to build up any motion.
However, when using a laser beam passing through a lens attached to the antenna to amplify linear displacement by a factor of at least 25, no correlated motion of the beam spot could be detected on a distant wall. We conclude, in agreement with the momentum theorem of classical electromagnetic theory, that any thrust produced is far below practically useful levels.
Hence within classical electrodynamics, there is little hope of detecting any low level motion that cannot be explained by interactions with surrounding structural steel and the Earth's magnetic field.
Introduction
This paper describes the attempt to measure the thrust of the "Non-Linear Electromagnetic Propulsion
System" (NEMPS), patent no. 5,142,861, (Ref. The second step in testing the thruster was to provide power to it. The power is fed through a pair of 14 gauge wires, surrounded with copper braid, effectively making a high current coaxial cable.
The shape of a typical current pulse when operating into a 0.05 f_ resistive load is shown in Fig. 3 . Here the pulse height is 2400 A, with rise and fall times of about 13 p.s and 314 _s, respectively. However, when driving the thruster via our made-up coaxial cables, the amplitude was reduced by the increased impedance to about 1200 amps peak, and the rise and fall times increased to about 20 _s and 400 l_ts, respectively. The pulse repetition rate was 30 pulses per second. To the best of our ability, we duplicated the pulse shape shown in Fig. 4 , which is a sketch from Ref. In order to increase our ability to detect any motion of the thruster, a simple lens (focal length = 4") was attached to the thruster, and the beam from a small laser was passed through the lens and onto an opposite wall.
The displacement of the spot on the wall, D, is related to the thruster displacement d, by the relation D = (R/f) d, where R is the distance from the lens to the wall and f is the focal length of the lens. In our case R = 9'4" and f = 4", so the magnification factor R/f = 28.
With this setup, we could estimate the upper limit for the thrust produced by the antenna. Occasianally there was spot displacement of perhaps a centimeter upon initial energizing of the thruster. It was not repeatable during a test session, and we attributed it to momentary stiffening of the power cable. The power supply was equipped with a switch that allowed us to apply power to the thruster in bursts. We tried to apply power at the natural frequency of the pendulum, in hope of seeing a greater displacement, but to no avail.
Thus we (generously) take the maximum observable spot displacement as 1 cm. This translates to a pendulum displacement of (10 -2 m)/28 = 3.6x10 -4 m.
The length of the pendulum was 88" = 2.2 m, so the ratio d/L is (3.6x10 -4 m)/(2.2 m) = 1.6xl0 -a. The weight of the thruster is 1.8 kg x 9.8 ms--" = 17.6 newtons, so the upper limit for the thruster force is 17.6 N x 1.6xl0 '4 = 2.8x10 -3 N = 6.3x10 -4 lbf = 1.0xl0 -2 ozf. This is considerably less than the force 
Is There Hope for a Space Drive Within Classical
Electrodynamics?
We should recognize, and the earlier the better, that there is little hope for a propulsion scheme that appears as a space reaction drive to an external inertial observer and is based only on the exceedingly well established where the volume of integration V encloses the system. Hence in this notation.
Letting the surface A of V expand in all directions, the above surface integral vanishes rigorously. To see this, observe that the nonradiative components of the fields decay faster than l/r with distance, thus contributing terms to T. fi that decay faster than l/r". And if the surface is sufficiently far away, then any radiative fields turned on at a finite time in the past have not yet reached the surface -all photons are caught within the surface and taken into account. The result is the wellknown, and relativistically valid, momentum theorem:
The above volume integral is easily interpreted as the total momentum in the EM field and for free space, the integrand reduces to the familiar (E × H)/c:. 
Summary and conclusions
No reproducible evidence was ever seen for any thrust when current pulses of 1200 A peak and 20 _ risetime were applied to the antenna at a rate of 30 per second. The result was still null, even when bursts of these pulses were applied in synch with the period of the pendulum-like suspension of the antenna. Our experiment could detect a steady force as low as 3 mN. 
